Background. Food insecurity is common in developing countries and is related to the physical well-being of families. Household food insecurity is intended to reflect a household's access, availability, and utilization of food, but its relationship with child mortality has not been well characterized.
Introduction
Food insecurity contributes to malnutrition, and malnutrition, in turn, is a significant underlying cause of mortality [1] . It is estimated that over 900 million people are affected by food insecurity worldwide, with the largest concentration of affected persons in developing countries [2] , although this figure probably underestimates the true number of people who are food insecure in terms of lacking dietary quality. Food insecurity is a multidimensional term that describes the lack of physical and economic access to sufficient and nutritious food for the entire household. Food insecurity can be measured in a variety of ways, and recent approaches have emphasized measuring inadequate access to food [3] . Melgar-Quinonez and colleagues recently used a short set of items modified from the US Household Food Insecurity Module and validated it in populations in Bolivia, Burkina Faso, and the Philippines [4] . Greater food insecurity was associated with a poor quality and quantity of diet [4] .
Household food insecurity has been linked to child stunting [5] and underweight [6] , but its relationship with child mortality has not been well characterized. Providing food has long been a cornerstone of the response to humanitarian emergencies [7] . The ultimate objectives of interventions such as general food distribution are to save lives by providing food in order to prevent the deterioration of nutritional status. Decisions about the targeting of such programs are often made based on food insecurity indicators that are thought to be more reflective of nutritional risk due to present access to and availability of food than anthropometric indicators of nutritional status [8] . Although the relationships between nutritional status and mortality are well established [1, 9] , relationships between indicators of food insecurity and mortality have not been well studied. We hypothesized that households with greater food insecurity, as assessed by a food security survey instrument, were more likely to have a history of neonatal, infant, or under-five child mortality. In order to address this hypothesis, we examined the relationship between household food insecurity and infant and child mortality in rural households in Indonesia.
Subjects and methods
The study subjects consisted of children from families that participated in a major nutritional surveillance system (NSS) in Indonesia that was established by the Ministry of Health, Government of Indonesia, and Helen Keller International in 1995 [10] . The NSS was conducted in the provinces of Lampung, Banten, West Java, Central Java, East Java, Lombok, South Sulawesi, and West Sumatra. The data from West Sumatra were excluded from the analysis, however, due to the unavailability of mortality data. The subjects included in this analysis were surveyed between 26 June 2000 and 27 September 2003. The NSS was based upon UNICEF's conceptual framework on the causes of malnutrition [11] with the underlying principle to monitor public health problems and guide policy decisions [12] . The NSS was based upon stratified multistage cluster sampling of households in ecological zones of provinces of the country [10] . In each zone, villages were selected by probability-proportional-to-size sampling. The NSS in Indonesia involved the collection of data from approximately 40,000 randomly selected rural households every quarter. New households were selected every round. Data were collected by two-person field teams. A structured coded questionnaire was used to record data on children aged 0 to 59 months, including anthropometric measurements, date of birth, and sex. Anthropometric measurements included maternal height and weight. The mother of the child or other adult member of the household was asked to provide information on the household's composition, maternal age, parental education, and weekly household expenditures, along with other socioeconomic, environmental sanitation, and health indicators.
In the interview, the mother was asked whether any of her children had died and the age at the time of death of any child who had died. The participation rate of families in the surveillance system was greater than 97%, and the main reason for nonresponse was that the family had moved out of the area or was absent at the time the interviews were conducted. Nonresponse because of refusal to participate in the surveillance system was very low (< 1%).
The interviewee was asked to provide the interviewer with a sample of salt that was used in the household, and the interviewer tested the sample for the presence of iodine using a UNICEF rapid test kit. The kit was used to distinguish between salt with adequate (≥ 30 mg/L) and inadequate (< 30 mg/L) iodine. The kit provided for possible outcomes of no color to light purple color that is lighter than the reference color (< 30 mg/L), or purple color the same as or darker than the reference color (≥ 30 mg/L). In this paper, the term adequately iodized salt is used to refer to salt that tested positive for 30 mg or more of iodine per liter [13] .
The NSS included questions relating to household food security. In the survey instrument, 9 of the 23 questions were related closely to the 9-item adapted US Household Food Security Survey Module (US HFSSM) [4] (table 1) , which can be used to measure food insecurity at the household level. Three of the questions used in the previous instrument by Melgar-Quinonez were modified in this analysis. Instead of "Did you have to eat the same foods daily because you did not have enough money to buy other foods?" we substituted question 3. Question 4 in the present survey was a combination of two questions used by TABLE 1 . Nine questions relating to household food insecurity 1. We worried whether our food would run out before we got money to buy more. a 2. The food that we bought just did not last, and we did not have enough money to get more. a 3. Our children were not eating enough because we just could not afford enough food. a 4. In the last 12 months, did you or other adults in your household ever cut the size of meals or skip meals because there was not enough money for food? 5. In the last 12 months, did your children ever skip meals because there was not enough money for food? 6. In the last 12 months, did you ever eat less than you felt you should because there was not enough money for food? 7. In the last 12 months, were you ever hungry but did not eat because you could not afford enough food? 8. In the last 12 months, did you lose weight because you did not have money for food? 9. In the last 12 months, did you or other adults in your household ever not eat for a whole day because there was not enough money for food?
a. Questions 1 through 3 had four possible answers: (i) often true, (ii) sometimes true, (iii) never true, and (iv) does not know, which were scored as 1 if (i) or (ii) were the responses, or 0 if (iii) was the response.
Melgar-Quinonez: "Have you or any other adult in your household cut the size of your meals because you did not have enough money to buy food?" and "Did you skip some of your daily meals because you did not have enough money for food?" Question 5 was added because it related to children in the household. The 14 questions from the NSS that were omitted were not related to the Melgar-Quinonez instrument and included the following: (1) We could not afford to eat balanced meals. (2) We relied on a few kinds of low-cost food to feed our children because we were running out of money to buy food. (3) We could not feed our children a balanced meal because we could not afford that. (4) In the last 12 months, did you ever cut the size of your children's meals because there was not enough money for food? (5) In the last 12 months, were your children ever hungry but you just could not afford more food? (6) In the last 12 months, did your children ever not eat for a whole day because there was not enough money for food? (7) Do you worry that your family may run out of food before you have money to buy again? (8) Do you worry that you may not be able to afford to buy adequate food? (9) Do you wish you could buy more food if you had more money? (10) Has your household ever run out of food because you did not have money to buy more food? (11) Has your family ever eaten the same type of food for several days consecutively because you did not have money to buy different food? (12) Have you ever eaten less than you want because you did not have enough money to buy food? (13) Do you not have enough money to buy healthy and nutritious food for your children? (14) In the last 12 months, has your body weight dropped because of the lack of food? For questions 1 through 3, the response levels were originally coded as "often true," "sometimes true," "never true," and "does not know." These responses were recoded as a "yes" response for "often true" and "sometimes true, " and a "no" response for "never true. " Questions 5 through 9 were already coded as "yes" or "no" in the original questionnaire. "Does not know" responses were excluded from the analysis, and for questions 1 through 4, there were 268, 305, 325, and 208 "do not know" responses, respectively. Finally, the scores from the individual questions were added to yield a possible household food insecurity score that could range from 0 to 9, with a higher score signifying greater food insecurity.
The study protocol complied with the principles enunciated in the Helsinki Declaration [14] . The field teams were instructed to explain the purpose of the NSS and data collection to each child's mother or caretaker, and, if present, the father and/or household head; data collection proceeded only after written informed consent had been obtained from the mother, father, or caretaker. Participation was voluntary and all subjects were free to withdraw at any stage of the interview. The protocol was approved by the Medical Ethical Committee of the Ministry of Health, Government of Indonesia, and the plan for secondary data analysis was approved by the Institutional Review Board of the Johns Hopkins School of Medicine.
Categorical variables were compared with the use of chi-square tests. Multivariate logistic regression models were used to examine the relationship between household food insecurity score and neonatal, infant, and under-five child mortality. Variables that were significantly associated with neonatal, infant, and under-five child mortality in univariate analyses were included in the final multivariate models. Population-based weighting was used to account for differences in population size of the various provinces. The level of significance in this study was p < .05.
Results
Of 26,339 households, the proportion with a history of neonatal, infant, and under-five child mortality was 4.6%, 8.8%, and 10.6%, respectively. The characteristics of households with and without a history of neonatal mortality are shown in table 2. Households with neonatal mortality were more likely to have mothers who were older, or less educated; were more likely to have more than four household members sharing the same kitchen; were more likely to have a father who smoked; were less likely to use adequately iodized salt; and had lower weekly household expenditure per capita. The household food insecurity score was significantly higher in households with a history of neonatal mortality. Similar findings were observed for infant mortality (table 3) and under-five child mortality (table 4) .
Separate multivariate models are shown for the relationship between food insecurity score and neonatal, infant, and under-five child mortality, respectively, in table 5. Food insecurity score was related to all three mortality outcomes in multivariate logistic regression models adjusted for maternal age, maternal education, maternal body mass index, paternal smoking, number of household members eating from the same kitchen, use of adequately iodized salt, weekly per capita household expenditure, and province. When the same models were adjusted for the same factors above, but not weekly per capita household expenditures, food insecurity score was similarly related to mortality among neonates (odds ratio [OR], 1.05; 95% confidence interval [CI], 1.01 to 1.09; p = .006), infants OR, 1.07; 95% CI, 1.04 to 1.10; p < .0001), and children under five (OR, 1.08; 95% CI, 1.05 to 1.11; p < .0001).
The relationship between household food insecurity score and under-five child mortality is shown in figure 1. Under-five child mortality was greater with increasing household food insecurity score.
The proportion of households with a food insecurity score of 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9 was 25.0%, 26.7%, 23.8%, 11.8%, 5.1%, 3.7%, 1.8%, 1.0%, 0.6%, and 0.3%, respectively. Although the primary analysis was based on taking into account all the questions in assessing the relationship between household food insecurity and under-five child mortality, as shown in table 1, a secondary analysis was performed looking at the relationship between the nine individual questions on household food insecurity and under-five child mortality in a multivariate model that adjusted for the same factors as above (table 6) . Of the nine questions, only questions 2 and 3 were significantly related to under-five child mortality. The remaining seven questions were not significantly related to under-five child mortality (table 6) .
Discussion
The present study shows that households with a higher food insecurity score, as assessed by a modified version of the US HFSSM, have a higher odds of neonatal, infant, and under-five child mortality. Other food security scales are available [15, 16] , and the present study relied upon a similar survey instrument that was validated in Bolivia, Burkina Faso, and the Philippines and showed that a greater household food insecurity score adversely affected expenditures on the quality and quantity of food [4] . The present study extends these findings, suggesting that greater household food insecurity, which has a negative impact on dietary quantity and quality, increases the risk of neonatal, infant, and under-five child mortality. The analysis adjusted for factors that have previously been associated with greater under-five child mortality (i.e., paternal smoking and use of adequately iodized salt), and the analyses were also carefully adjusted for differences in socioeconomic status using weekly per capita household expenditure. The analyses did not adjust for health and sanitation variables collected in the NSS because these variables correlate with weekly per capita household expenditure. The association between household food insecurity and mortality was strong even after adjustment for these factors, which lends credence to earlier findings that the additional factors captured by the food insecurity score relate to dietary quality and quantity. The strengths of this study are the large sample size and a relatively extensive database regarding demographic and socioeconomic indicators.
There were two questions that were strongly related to under-five child mortality. These two questions were: "The food that we bought just did not last, and we did not have enough money to get more, " and "Our children were not eating enough because we just could not afford enough food. " The other questions were not significantly related. It should be noted that none of the questions that were prefaced with "In the last 12 months" were associated with a history of under-five child mortality. One possibility is that the questions that use this phrasing are more restricted to events that are more proximal to the time of the questionnaire and are therefore less applicable to the long-term mortality experience of a family. Another possible explanation is that these questions refer to events that occurred, but at a low incidence, so that the questions have little power to distinguish between households with infrequent and those with regular experience with food insecurity. The study has some limitations. The data from the NSS are cross-sectional; the food security situation of the family at the time there was a child death in the family might be different from the food security situation at the time the surveillance data were collected. Any difference between the current and the past food security situation of the household, however, would have attenuated (not strengthened) the rather strong relationship between the current food security situation and history of child deaths. On the other hand, there may be recall bias in which mothers who have had a previous child die are more likely to report that their children were hungry. Similarly, a direct causeand-effect relationship between food insecurity and child mortality cannot necessarily be inferred from the cross-sectional study. However, given the facts that a very similar instrument has shown that the food insecurity score is related to expenditures on the quality and quantity of food [4] and that the analysis presented here controls for other factors known to be related to child mortality, the findings strongly suggest that the reduction in dietary quality and quantity, captured by the food insecurity score, contributes to the risk of child mortality. This is in line with the casual pathways known to lead to child mortality. At least one-third of under-five child deaths are related to undernutrition, in the form of stunting, micronutrient deficiencies, or wasting. This undernutrition is caused by a dietary intake that does not meet bodily needs, by disease, or by both. Finally, the food insecurity score was calculated on the basis of a subjective questionnaire and did not involve an extensive comprehensive qualitative assessment, given the number of households and time constraints. Such an approach has been undertaken in Bangladesh by Coates et al. [17] and has served to strengthen their findings.
The use of food insecurity measures has been useful in targeting the nutritional needs of at-risk groups (i.e., children, the elderly, pregnant and lactating women, and HIV-positive individuals) with additional food supplementation, and micronutrient fortification has helped improve the nutritional status of these populations [8] . Future studies are needed to determine how food insecurity is associated with child underweight, stunting, and wasting, which would provide further insight into possible causal pathways leading to child mortality. Prospective studies of the relationship between food security and subsequent mortality outcomes would also be valuable. The results of our study are specific to a particular context, and similar research in other settings may provide further insight into the relationship between food insecurity and child mortality. 
